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Abstract
Objective: The purpose of this study was to assess the role of recurrent laryngeal nerve (RLN)
monitoring in the operative strategy during total thyroidectomy and parathyroidectomy. Due to
the risk of serious respiratory complications of bilateral recurrent nerve paralysis, two-stage
surgery may be considered in the case on negative stimulation of the ﬁrst side.
Patients and methods: This prospective study was conducted in 100 consecutive patients
between May 2007 and March 2011. Translaryngeal monitoring was performed. When stimu-
lation of the RLN on the ﬁrst side dissected was negative, dissection of the other side was
deferred to avoid the risk of bilateral RLN paralysis.
Results: The main surgical indications were thyroid carcinoma (34%), Graves’ disease (27%),
multinodular goitre (27%) and parathyroid hyperplasia (9%) with seven cases of redo surgery.
Four RLN identiﬁed on the ﬁrst side gave a negative response to stimulation and surgery to the
other side was therefore deferred. Transient unilateral RLN paralysis was observed in these four
patients and two cases of RLN paralysis were observed among patients with positive RLN stimu-
lation. Among the 96 contralateral RLNs tested, two were not visualized (one case of transient
RLN paralysis, one case of permanent RLN paralysis), two gave a negative response to stimu-
lation (two cases of permanent RLN paralysis) and 92 gave a positive response to stimulation
(nine cases of transient RLN paralysis, including two cases associated with transient paralysis
of the ﬁrst side, and one case of permanent RLN paralysis). The incidence of RLN paralysis by
nerve was 9.6% for transient RLN paralysis and 2% for permanent (unilateral) RLN paralysis.
Conclusion: When bilateral RLN dissection is planned, RLN monitoring is particularly useful to
limit the risk of bilateral RLN paralysis. Two-stage thyroidectomy, following functional recovery
of the damaged RLN, can therefore be proposed. The risk of bilateral RLN paralysis was avoided
in four patients, while transient bilateral RLN paralysis was observed in two patients despite
positive stimulation.
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Table 1 Indications of for total thyroidectomy.
Population operated Proportion (%)
Cancer 34
Graves’ disease 27
MNG 27
Parathyroid hyperplasia 9
Thyroidectomy and parathyroid adenoma 2
Hashimoto’s thyroiditis 1
Redo surgery 7
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ntroduction
ecurrent laryngeal nerve (RLN) monitoring has become a
ommon practice in thyroid surgery. It is not designed to
isualize the RLN, but allows intraoperative assessment of
LN function and can be used to establish a prognosis in
atients who develop RLN paralysis [1,2]. The majority of
tudies have failed to demonstrate that RLN monitoring sig-
iﬁcantly reduces the risk of RLN paralysis [3—7]. However,
ther authors have reported a decreased incidence of tran-
ient RLN paralysis when RLN monitoring is used compared
o simple visual identiﬁcation of the nerve [6,8], although no
igniﬁcant reduction of the incidence of RLN paralysis was
bserved in other studies, especially in the case of high-risk
urgery [9,10]. Visualization of the RLN remains the main
actor associated with preservation of RLN function and a
ecreased rate of postoperative RLN paralysis [1,2,10,11].
ystematic dissection of the RLN is therefore considered by
any authors to be the reference technique to reduce the
isk of RLN paralysis [12], but this approach is challenged
y other authors, who prefer intracapsular dissection of the
hyroid [13].
Various methods have been developed to monitor the
ctivity of RLNs, or even vagus nerves (surface electrodes
n the endotracheal tube, endoscopic insertion of unipo-
ar electrodes on vocal muscles, translaryngeal insertion of
ipolar electrodes on vocal muscles). Recording parame-
ers must be controlled to ensure reliable signal analysis,
technique rapidly acquired by the operator. Monitoring
evices are marketed by Inomed (Inomed GmbH, Fenin-
en, Germany) with the Neurosign® 100/400/800 apparatus,
edtronic (Medtronic Xomed, Jacksonville, Florida, USA)
ith the Nim-Response® 2 or 3 apparatus and Avalanche®
XT, Dr. Langer Medical GmbH).
Some teams consider that laryngeal monitoring should
e reserved to high-risk situations, especially in the con-
ext of redo surgery and recurrent laryngeal node dissection
14]. Bilateral RLN paralysis is rare (0.2 to 0.5%) [15—17],
ut, due to its serious respiratory complications, total thy-
oidectomy must only be performed when formally indicated
nd measures must be taken to limit this risk. Bilateral RLN
onitoring in the context of bilateral thyroid and parathy-
oid surgery could constitute an operative strategy limiting
he risk of bilateral RLN paralysis, as absence of stimu-
ation on one side allows contralateral dissection to be
eferred.
atients and methods
his prospective study was performed between May 2007
nd March 2011 in the otorhinolaryngology department of
enon Hospital on 100 patients consecutively operated by
single operator. Vocal cord mobility was veriﬁed preop-
ratively by indirect laryngoscopy and revealed only one
ase of vocal cord immobility. All patients scheduled to
ndergo total thyroidectomy or subtotal parathyroidec-
omy requiring bilateral RLN dissection with the use of
LN monitoring were included in the study. RLN moni-
oring was performed with the Neurosign® 400 (Inomed
mbH, Feningen, Germany) or Avalanche® apparatus (XT,
r. Langer Medical GmbH) by stimulating the thyroarytenoid
b
s
vMNG: multinodular goitre.
uscle using a translaryngeal bipolar electrode (needle
nserted through the cricothyroid membrane or directly via
transthyroid approach). Minimum stimulation thresholds
ere 0.05mA (Neurosign®) and 0.10mA (for Avalanche®).
o maximum thresholds were determined, but, in the
bsence of response to 0.6—0.7mA, RLN stimulation was
onsidered to be negative (based on our previous experi-
nce).
Patients in whom RLN monitoring was not available and
atients in whom a monitoring technical problem occurred
uring the operation were excluded from this series. The
opulation comprised 81women and 19men with a mean age
f 47.1 years (range: 16 to 81 years). The indications for total
hyroidectomy were (Table 1) thyroid carcinoma in 34 cases
34%), Graves’ disease in 27 cases (27%), multinodular goitre
MNG) in 27 patients (27%), parathyroid hyperplasia in nine
atients (9%), adenoma requiring thyroidectomy in two
ases (2%), and Hashimoto’s thyroiditis in one case (1%).
edo surgery requiring bilateral dissection was performed in
even patients. All patients with thyroid carcinoma under-
ent systematic central dissection (bilateral laterotracheal
issection and superior mediastinal dissection). The more
everely involved thyroid or parathyroid lobe was systemat-
cally dissected ﬁrst.
A Redon Jost drain was systematically placed away from
he RLN and removed on day 1, away from the parathy-
oidectomy where no drain was inserted.
The basic principle of this study was that the operation
ould be stopped in the case of negative stimulation of the
rst RLN when it appeared to be visually intact, resulting
n two-stage thyroidectomy or parathyroidectomy following
unctional recovery of the potentially injured RLN. In other
ords, the primary objective of this study was to determine
he value of RLN monitoring to guide the operative strategy
nd the secondary objective was to evaluate the prevalence
f unilateral and bilateral RLN paralysis.
Postoperative vocal cord examination by indirect laryn-
oscopy evaluated vocal cord mobility. In patients with
LN paralysis, this examination was repeated monthly
or the ﬁrst 6months then every 3months for the ﬁrst
ear. RLN paralysis was considered to be permanent
n the absence of recovery of vocal cord mobility at
2months.
The results are mainly expressed in terms of the nerve,
ut also according to the patient’s disease. The speciﬁcity,
ensitivity, and positive (PPV) and negative (NPV) predictive
alues of RLN monitoring were calculated.
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1st side:
100 RLNs tested
4 transient RLN 
paralysis
2nd side deferred
2nd side:
96 RLNs tested
2 RLN not visualized2 RLN-92 RLN+
1 permanent 
RLN 
paralysis
2 permanent 
RLN 
paralysis
9 transient RLN 
paralysis
1 permanent RLN 
paralysis
96 RLN+ 4 RLN-
2 transient RLN 
paralysis
2 cases of transient bilateral RLN paralysis
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Results
All 100 RLNs of the ﬁrst side dissected were visualized and
stimulated (between 0.05 and 0.5mA) (Fig. 1). Four nerves,
although visually intact, could not be stimulated (including
two nerves that appeared to be injured by a knot or bipolar
coagulation close to the nerve). Four total thyroidectomies
were therefore deferred (one for cancer, as contralateral
central dissection was deferred due to RLN paralysis on the
ﬁrst side). These four patients experienced postoperative
RLN paralysis, which was transient in every case (recovery
at 2months for two patients, at 3months for one patient
and at 6months for another patient). Total thyroidectomy
was subsequently completed in three of these patients and
surveillance of the remaining lobe was decided in a patient
with MNG. Transient RLN paralysis was also observed in two
patients presenting positive RLN stimulation. Finally, in one
patient with preoperative vocal cord immobility, RLN stim-
ulation was positive and normal vocal cord mobility was
recovered postoperatively.
In 96 cases, the contralateral RLN was investigated during
the same procedure. However, two RLNs were not visual-
ized (in case of Graves’ disease, one MNG) and permanent
RLN paralysis was observed in one of these cases. Posi-
tive RLN stimulation was observed for a total of 92 nerves,
subsequently corresponding to nine cases of transient RLN
paralysis and one case of permanent RLN paralysis. Finally,
negative stimulation was observed for two RLNs, corre-
sponding to two cases of permanent RLN paralysis. Two of
the nine cases of transient RLN paralysis presented bilat-
eral RLN paralysis, which was transient in both cases (but
required tracheotomy for 2months in one case).
The sensitivity of RLN monitoring was 36.8% with a speci-
ﬁcity of 99.4%, an NPV of 93.6% and a PPV of 87.5%. Overall,
the operative strategy was modiﬁed in four patients. How-
ever, two cases of transient bilateral RLN paralysis were
observed despite positive RLN stimulation.
The incidence of transient RLN paralysis according to
nerves was 9.6% (47.3% of occurred in a context of
u
vrecurrent laryngeal nerves.
arcinoma, 26.3% in a context of Graves’ disease, 10.5%
n a context of MNG and redo surgery, while no cases of
LN paralysis were observed among patients undergoing
arathyroid surgery) (Table 2). The incidence of transient
LN paralysis according to disease was 13.4% in a context
f cancer, 9.6% in a context of Graves’ disease, 3.7% in
context of MNG and 28.5% in the case of redo surgery
Table 2). The incidence of permanent RLN paralysis, uni-
ateral in every case, was 2% of nerves (two cases of Graves’
iseases, one papillary carcinoma, one MNG) (Table 2).
iscussion
hree techniques have been developed to record the activity
f RLNs (RLN) and, less frequently, the vagus nerves:
use of surface electrodes on a speciﬁc endotracheal tube;
intraoperative stimulation of the RLN provides a poor
quality electromyographic signal, but has the advantage
of being a simple technique; displacement of the endo-
tracheal tube and electrodes in relation to the glottis can
occur;
use of unipolar electrodes inserted endoscopically into
the vocal muscles; this technique requires an exposable
glottis; displacement of electrodes can also occur;
use of bipolar electrodes placed in vocal muscles via the
cricothyroid membrane or via an external transthyroid
approach; this technique more closely resembles laryn-
geal electromyography performed in the ofﬁce setting;
placement of the needle in the vocal muscle via the
cricothyroid membrane may be relatively difﬁcult early
in the surgeon’s experience, but is easier via a direct
transthyroid approach when the cartilage is not ossiﬁed.
This appears to be the most reliable technique (direct
control of electrode placement and high quality signal).In most cases, these techniques are used for direct stim-
lation of the RLN. Direct or indirect stimulation of the
agus nerve can also be performed after minimal dissection
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Table 2 Incidence of recurrent laryngeal nerve (RLN) paralysis.
Transient RLN paralysis Permanent RLN paralysis
Carcinoma (9 cases of RLN
paralysis)
Nerves: 4.6% (9/196)
Disease: 13.4% (9/67)
Total RLN paralysis: 47.3%
(9/19)
Nerves: 0.5% (1/196)
Disease: 1.5% (1/67)
Total RLN paralysis: 25% (1/4)
Graves’ disease (5 cases of RLN
paralysis)
Nerves: 2.5% (5/196)
Disease: 9.6% (9/52)
Total RLN paralysis: 26.3%
(5/19)
Nerves: 1% (2/196)
Disease: 3.8% (2/52)
Total RLN paralysis: 50% (2/4)
MNG (2 cases of RLN paralysis) Nerves: 1% (2/196)
Disease: 3.7% (2/53)
Total RLN paralysis: 10.5%
(2/19)
Nerves: 0.5% (1/196)
Disease: 1.8% (1/53)
Total RLN paralysis: 25% (1/4)
Parathyroid surgery 0 0
Redo surgery (2 cases of RLN
paralysis)
Nerves: 1% (2/196)
Disease: 28.5% (2/7)
Total RLN paralysis: 10.5%
(2/19)
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bThe result in terms of disease corresponds to the number of cas
identiﬁed and stimulated. MNG: multinodular goitre.
f the nerve around the jugular and carotid vessels. Direct
timulation of the identiﬁed nerve is then performed via a
tylet at various thresholds (from 0.05mA). An audio and
visual signal are obtained in response to nerve stimula-
ion. Intraoperative recording is also possible. More recently,
ontinuous monitoring of the vagus nerve, in the absence
f stimulation, has been developed, which could therefore
llow real continuous RLN monitoring throughout the oper-
tion.
RLN monitoring is not designed to facilitate identiﬁcation
f the RLN. As the RLN must be visualized in order to stim-
late the RLN during monitoring and as visualization of the
erve constitutes a major factor ensuring its preservation
1,2,10], the use of RLN monitoring therefore also consti-
utes a factor of RLN preservation. However, no study has
rospectively evaluated the use of RLN monitoring to mod-
fy the operative strategy when bilateral recurrent laryngeal
issection is required, although this possibility has been pro-
osed by several authors [7,18,19].
This prospective study therefore investigated this strat-
gy. It was conducted by a single operator with many years of
xperience of RLN monitoring to ensure a rigorous method-
logy.
Translaryngeal RLN monitoring was chosen, as it allows
irect control of stimulation. This technique requires
lacement of bipolar electrodes in vocal muscles via the
ricothyroid membrane or via a transthyroid approach
hrough the thyroid cartilage, according to the exposure
nd morphology of the larynx. This technique more closely
esembles laryngeal electromyography performed in the
fﬁce setting. It appears to be the most reliable technique
ue to direct control of electrode positioning and the high
uality electromyographic signal. Although widely used in
ermany, it is used less commonly in France and the United
tates, as the use of surface electrodes on the endotracheal
c
b
iRLN paralysis in the disease concerned over number of nerves
ube does not require any operator experience, but pro-
ides poor quality electromyographic signals with a risk of
ube displacement. However, despite a widely held belief
hat translaryngeal monitoring is a more difﬁcult approach,
his technique is very easily acquired. In the 2011 American
uidelines, the analysis was based exclusively on the use of
onitoring by electrodes attached to the endotracheal tube
7].
This strategy led to a modiﬁcation of the operative
odalities in four cases in the present series. Despite
he need for a second operation, the patients, previously
nformed about this risk, readily accepted this approach.
hese four patients developed transient RLN paralysis
espite an intact RLN. However, if the RLN had been sec-
ioned or was not visualized, this strategy would certainly
ave been modiﬁed as a function of the context: a one-
tage contralateral approach would have been performed
n the case of cancer, but the type of procedure (espe-
ially contralateral recurrent laryngeal node dissection) can
e modulated. Management in these cases cannot be dic-
ated exclusively on the basis of monitoring results. A similar
roblem arises in patients with preoperative RLN paralysis.
In contrast, monitoring was unable to prevent the devel-
pment of bilateral transient RLN paralysis in two patients.
hese two cases of bilateral RLN paralysis occurred despite
ositive stimulation on both sides and required tracheotomy
ue to respiratory complications in one patient. However,
he operator was able to reassure the patients about the
ransient nature of their bilateral RLN paralysis on the basis
f the positive intraoperative stimulation of the RLN and
oth patients recovered rapidly in less than 2months.RLN monitoring also established the diagnosis of vocal
ord immobility caused by simple compression of the larynx
y the goitre rather than RLN paralysis in one patient, as pos-
tive stimulation was ﬁnally obtained and the preoperatively
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immobile larynx recovered normal mobility postoperatively
(very large goitre mechanically compressing the larynx).
Monitoring is a highly speciﬁc examination but is associ-
ated with poor sensitivity [10,20—22]. This poor sensitivity
and the existence of false-positives can be explained by
stimulation of a preserved branch, while another branch has
been damaged; in other words, excessively distal stimula-
tion of the RLN. The RLN must be stimulated as inferiorly as
possible, as stimulation too close to its site of entry may fail
to detect a more inferior lesion. For this reason, recording
and stimulation of the vagus nerve would be more reliable
and would certainly increase the sensitivity of monitoring.
However, it requires jugular and carotid dissection. It should
also be noted that, by allowing direct control of electrode
placement, the translaryngeal monitoring system avoids the
risk of incorrect electrode positioning. Finally, secondary
injury to the RLN (inﬂammation, contact bleeding, drainage)
cannot be excluded. Nevertheless, our more recent expe-
rience of monitoring (ongoing study) shows a reduction of
the false-positive rate by means of lower RLN stimulation or
vagus nerve stimulation.
Visualization of an intact RLN and positive stimula-
tion appear to ensure subsequent nerve function, but
not its immediate function. Apart from one case of RLN
that appeared to be visibly intact, all cases of positive
stimulation of the RLN presented normal function either
immediately or in the short term. Positive stimulation is
associated with a favourable medium-term and long-term
prognosis [19,21], which also allows the surgeon to reas-
sure the patient that the RLN paralysis will most probably
be only transient. The only case of permanent RLN paral-
ysis observed in this study despite positive stimulation of
the RLN can be explained by stimulation of a low branch of
the RLN (atypical extension of the thyroid in the posterior
mediastinum due to Graves’ disease). On the other hand,
absence of visualization of the RLN was correlated with a
high rate of RLN paralysis, conﬁrming previous reports that
visualization of the RLN is the main factor ensuring nerve
preservation [1,2,10].
Although the permanent RLN paralysis rate observed in
this study was similar to that classically reported in the liter-
ature, the transient RLN paralysis rate was high in this series.
This can be explained by two main factors: the underlying
disease and the procedure performed, as most cases of tran-
sient RLN paralysis occurred during radical dissection around
the RLN, especially in the context of cancer (permanent RLN
paralysis rate of 1.5% in the study by Dralle) [2], where our
current attitude is to perform bilateral central dissection
either systematically or as required (cancer represented the
largest proportion of patients in this series: 34%). RLN paral-
ysis rates of up to 24% have been reported in the case of
recurrent laryngeal node dissection [2]. Finally, the more
delicate dissections required in the context of Graves’ dis-
ease are also associated with a risk of transient as well as
permanent RLN paralysis. Redo surgery is known to be asso-
ciated with a higher risk of RLN paralysis [23], as observed in
this study, as 28.5% of patients operated in this setting expe-
rienced transient RLN paralysis. In these cases, monitoring
can be useful to conﬁrm the presence of a recurrent motor
branch [21]. Systematic two-stage surgery could possibly
be indicated in this setting of redo surgery, when bilateral
recurrent laryngeal dissection has already been performed.hroidectomy 135
n the other hand, parathyroidectomy was associated with
low risk of RLN paralysis due to the very limited traction
n the RLN during dissection.
Despite the high transient RLN paralysis rate in cancer
atients and in the case of redo surgery, the permanent RLN
aralysis rates observed in the three main operated popula-
ions (cancer, Graves’ disease, MNG) were similar to those
escribed in the literature [24].
onclusion
e believe that the severity of bilateral RLN paralysis
ustiﬁes systematic use of RLN monitoring during total thy-
oidectomy and parathyroidectomy, as negative stimulation
f the RLN identiﬁed on one side may justify deferral of the
ilateral procedure when recovery is expected (i.e. when
he RLN appears to be intact). This 2-stage surgical strat-
gy could be modiﬁed by taking into account the patient’s
oncomitant disease, the presence of cancer or poorly tol-
rated Graves’ disease. Low stimulation of the RLN, or
referably stimulation of the vagus nerves, would probably
e more reliable to improve the sensitivity of monitoring.
he translaryngeal monitoring technique should be devel-
ped by head and neck surgeons, as it provides a good quality
ignal.
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